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METHOD TO FORM CU/OSG DUAL 
DAMASCENE STRUCTURE FOR HIGH 
PERFORMANCE AND RELIABLE 

INTERCONNECTS 

FIELD OF THE INVENTION 

The invention relates to the ?eld of fabricating integrated 
circuits and other electronic devices and in particular to a 
method of forming dual damascene structures for high 
performance and improved reliability. 

BACKGROUND OF THE INVENTION 

The manufacture of integrated circuits in a semiconductor 
device involves the formation of a sequence of layers that 
contain metal Wiring. Metal interconnects and vias Which 
form horiZontal and vertical connections in the device are 
separated by insulating or dielectric materials to prevent 
crosstalk betWeen the metal Wiring that can degrade device 
performance. Apopular method of forming an interconnect 
structure is a dual damascene process in Which vias and 
trenches are ?lled With metal in the same step. The most 
frequently used approach is a via ?rst process in Which a via 
is formed in a dielectric layer and then a trench is formed 
above the via. Recent achievements in dual damascene 
processing include loWering the resistivity of the metal 
interconnect by sWitching from aluminum to copper, 
decreasing the siZe of the vias and trenches With improved 
lithographic materials and processes to improve speed and 
performance, and reducing the dielectric constant (k) of 
insulating materials to avoid capacitance coupling betWeen 
the metal interconnects. 

Current technology involves forming vias and trenches 
that have sub-micron dimensions Which can be 0.25 microns 
or less in Width. One of the more promising loW k dielectric 
materials is organosilicate glass (OSG) Which is a silicon 
oXide that is doped With carbon and hydrogen atoms. While 
SiO2 Which has been traditionally used as a dielectric 
material in older technologies has a dielectric constant of 
about 4, OSG has a k value betWeen 2 and 3 and thereby 
provides a much needed reduction in capacitance coupling 
betWeen Wiring. OSG is available as Black DiamondTM from 
Applied Materials, CORALTM from Novellus, or can be 
obtained by different trade names from other manufacturers. 

One of the problems associated With OSG is that the 
material is susceptible to damage during commonly used 
etching and cleaning steps. For instance, a photoresist layer 
is typically patterned above the OSG dielectric layer in a 
damascene process. A via hole or trench opening in the 
photoresist pattern is then etch transferred into the OSG 
layer. Typically, the photoresist is stripped With an oXygen 
containing plasma in a subsequent step. HoWever, the oXy 
gen plasma is capable of etching the sideWalls of the pattern 
in the OSG layer as it reacts With carbon and hydrogen 
atoms. This reaction can readily increase the critical dimen 
sion (CD) of the opening and transform a vertical sideWall 
into an undesirable sloped sideWall. This issue is addressed 
in Us. Pat. No. 6,426,304 Where a H2/N2 plasma is 
employed to strip a photoresist above an OSG layer. Accord 
ing to an FTIR analysis, there is less than a 2.5% change in 
OSG composition after the plasma treatment. 

In Us. Pat. No. 6,168,726, an oXidiZed organosilane 
dielectric layer is etched With a ?uorocarbon and inert gas 
based plasma on a pedestal electrode that is RF biased. 
Optionally, a carbon volatiliZing gas such as O2 or N2 is 
added in a second step. 

Amethod of protecting an OSG layer is described in US. 
Pat. No. 6,410,426 in Which a Ti(1_X)AlXN capping layer is 
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2 
deposited on an OSG dielectric layer in a damascene scheme 
and functions as a hard mask during an etch sequence that 
includes an OSG etch With C4138, N2, and CO plasma. 

Yet another method of preventing degradation in a loW k 
dielectric layer such as OSG is found in Us. Pat. No. 
6,331,479. TWo etch stop layers are formed betWeen a ?rst 
and second dielectric layer and tWo cap layers are deposited 
on the second dielectric layer While forming a metal inter 
connect. This scheme is likely to be costly because of 
additional layers and eXtra process steps. 
Another concern With using OSG in a damascene struc 

ture is that the etch rate of OSG is close to that of a silicon 
carbide capping layer that is often used betWeen the con 
ductive layer and dielectric layer in a damascene stack. A 
representative process How is depicted in FIGS. 1a—1e that 
demonstrates a serious issue With an OSG dielectric layer. 
Referring to FIG. 1a, a substrate 1 is provided that contains 
a conductive layer 2 and active and passive devices (not 
shoWn). Asilicon carbide layer 3 is deposited by a chemical 
vapor deposition (CVD) technique and serves to protect 
conductive layer 2 during subsequent processing steps. An 
OSG layer 4 is deposited by a CVD or plasma enhanced 
CVD method on silicon carbide layer 3. A bottom anti 
re?ective coating (BARC) 6 is typically spin-coated or CVD 
deposited on OSG layer 4 in order to improve the process 
WindoW in a subsequent photoresist patterning step. Next, a 
photoresist layer 7 is coated and patterned to form a via 
opening 8. 

Referring to FIG. 1b, the via opening 8 is etched through 
BARC layer 6 and OSG dielectric layer 4 and stops on 
silicon carbide layer 3. Photoresist layer 7 and BARC 6 are 
stripped and then a Wet clean step is used to remove any 
residues Within via hole 8. 

In FIG. la, a BARC 9 is spin coated on dielectric layer 4 
and some partially ?lls via hole 8. The BARC 9 is usually 
hardened by baking to about 225° C. so that it becomes inert 
toWards a photoresist layer 10 Which is then coated and 
patterned to form a trench opening 11 above via hole 8. 

Referring to FIG. 1d, the trench pattern 11 is etched into 
OSG layer 4 to a predetermined distance that is less than the 
depth of via hole 8. Photoresist layer 10 and BARC 9 are 
removed and a Wet clean step is used to remove any residues 
from via hole 8 and trench opening 11. 

In FIG. 16, the eXposed portion of silicon carbide layer 3 
in via hole 8 is removed by a plasma etch that typically 
contains a ?uorocarbon gas. HoWever, the plasma also 
attacks the OSG layer 4 along the sideWalls of via hole 8 and 
trench 11 because of the carbon and hydrogen content in 
OSG layer 4. This reaction causes the top corners of trench 
11 and via hole 8 to become rounded and the sideWalls 
become sloped as OSG layer 4 is etched aWay. Moreover, the 
horiZontal surface of trench 11 is pitted. As a result, the CD 
of the via hole 8 and trench 11 are increased because of the 
loss of OSG layer 4 and this causes a loss of reliability in the 
?nal device. Therefore, an improved method of forming a 
dual damascene structure containing an OSG dielectric layer 
is needed to achieve the desired interconnect performance in 
neW technologies. 

Other efforts to improve the processing capabilities With 
an OSG dielectric layer are described in US. Pat. No. 
6,410,437. A via hole is etched through an OSG layer and 
stops on a silicon carbide layer. First a loW selectivity 
etchant removes a majority of the eXposed OSG layer to 
transfer the hole opening and then a high selectivity etchant 
Which is a plasma derived from a miXture of Ar, N2, and 
C4138 completes the via etch. US. Pat. No. 6,107,192 
describes a reactive preclean process prior to metalliZation 
for sub-0.25 micron applications. A soft plasma etch includ 
ing ?uorine and oXygen radicals cleans SiO2 based dielectric 
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layers. A second step involving hydrogen radicals reacts 
With metal oxide residues to produce a clean metal surface 
and Water as a by-product. 

SUMMARY OF THE INVENTION 

An objective of the present invention is to provide a 
method of forming a dual damascene structure containing an 
organosilicate glass dielectric layer that does not have dam 
age to top corners of a via or trench. 

A further objective of the present invention is to provide 
better CD and pro?le control for via and trench formation in 
a dual damascene structure containing an organosilicate 
glass dielectric layer. 
A still further objective of the present invention is to 

minimize loss of an organosilicate dielectric layer during 
processing to form a dual damascene structure. 

Yet another objective of the present invention is to elimi 
nate pitting in an organosilicate glass dielectric layer that 
comprises the bottom of a trench in a dual damascene 
structure. 

A still further objective of the present invention is to 
reduce polymer residue in a via and trench contained Within 
an organosilicate glass dielectric layer in a dual damascene 
structure. 

These objectives are achieved by modifying a via ?rst 
approach in a dual damascene fabrication. A capping layer 
that is preferably silicon carbide is deposited on a substrate 
that typically contains an eXposed conductive layer. An 
organosilicate (OSG) dielectric layer is deposited by a CVD 
or PECVD method. For example, Black DiamondTM, 
CORALTM, or a similar material may be employed as the 
OSG layer. An optional hard mask may be applied on the 
OSG layer by a CVD or PECVD technique to complete the 
damascene stack. NeXt, a conformal bottom anti-re?ective 
coating (BARC) is deposited by a spin coating or PECVD 
technique. After a photoresist is spin coated on the BARC, 
the photoresist layer is patterned to form a via hole that is 
aligned above the conductive layer in the substrate. The via 
opening is etch transferred through the BARC, hard mask, 
and OSG dielectric layer by a ?uorocarbon containing etch 
process. The etch process is resumed to remove the eXposed 
SiC layer in a soft manner Without damaging or re-sputtering 
the underlying conductive layer or spoiling the initial via 
pro?le. The photoresist and BARC layers are then stripped. 
Subsequently, the substrate is treated to a Wet clean to 
remove any residue. 

The trench patterning sequence involves forming a pla 
nariZing BARC on the damascene stack that also partially 
?lls the via hole. If the BARC is spin coated from an organic 
solution, the resulting BARC layer is hard baked to remove 
any residual solvent and render the BARC inert toWards a 
subsequent photoresist patterning process. A photoresist 
layer is coated on the planariZing BARC and patterned to 
form a trench Which is aligned above the via hole. The trench 
pattern is etch transferred through the hard mask and into the 
dielectric layer to a predetermined distance. NeXt, the pho 
toresist layer and BARC layer are removed by a plasma 
stripping process. Care is taken to use a loW temperature 
strip process to avoid damaging the eXposed portion of the 
underlying conductive layer. At this point, any residues are 
removed With a Wet clean. The substrate is treated With a 
reactive preclean (RPC) method knoWn to those skilled in 
the art to eliminate any metal oXide formation on the 
conductive layer before a diffusion barrier liner is deposited 
on the sideWalls of the trench and via. Finally, a metal is 
deposited to ?ll the via and trench and is planariZed so that 
it is coplanar With the OSG layer to complete the dual 
damascene structure. 

In a second embodiment, a damascene stack is formed on 
a substrate With an eXposed conductive layer and comprises 
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4 
a loWer capping layer such as silicon nitride, a middle OSG 
dielectric layer, and an upper hard mask such as silicon 
oXynitride that also functions as a BARC. Aphotoresist layer 
is coated on the BARC and patterned to form a via hole that 
is aligned above the conductive layer in the substrate. The 
via hole is etch transferred through the BARC and OSG 
layer by a ?uorocarbon etch process and then With a soft etch 
method through the loWer cap layer. After the photoresist is 
stripped, the substrate is treated With a Wet clean to remove 
any residues. The trench patterning sequence involves coat 
ing a planariZing BARC on the hard mask that also partially 
?lls the via hole. A photoresist layer is then coated on the 
planariZing BARC and patterned to form a trench opening 
that is aligned above the via hole. A sequence is then 
folloWed that similar to the one described in the ?rst 
embodiment to complete the dual damascene structure. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1a—1e are cross-sectional vieWs depicting a prior 
art method of forming a dual damascene structure containing 
an organosilicate glass dielectric layer. 

FIGS. 2a—2c are cross-sectional vieWs illustrating the 
formation of a via hole in a dual damascene structure 
according to a method of the present invention. 

FIGS. 2d—2e are cross-sectional vieWs depicting the for 
mation of a trench pattern in a photoresist layer above the via 
hole in FIG. 2c. 

FIG. 2f is a cross-sectional vieW of a completed dual 
damascene structure according to the ?rst embodiment of 
the present invention. 

FIG. 3 is a plot shoWing the improvement in Kelvin via 
and via chain probability by implementing the dual dama 
scene method of the present invention. 

FIGS. 4a—4e are cross-sectional vieWs of a via ?rst 
sequence in forming a via and trench in a dual damascene 
scheme according to a second embodiment of the present 
invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The present invention is particularly useful in forming a 
dual damascene structure that contains an OSG dielectric 
layer. The sequence of process steps is shoWn in a via ?rst 
approach. A ?rst embodiment is depicted in FIGS. 2a—2f. 
Although the ?gures depict a single OSG dielectric layer, it 
should be understood that the invention is also useful for a 
damascene stack that includes a capping layer on a substrate, 
a ?rst OSG dielectric layer, an etch stop layer, and a second 
OSG dielectric layer on the etch stop. 

Referring to FIG. 2a, a substrate 20 is provided that 
contains an eXposed conductive layer 21 in an upper surface 
that Will be used to construct a dual damascene structure. 
Substrate 20 is typically comprised of silicon or a silicon 
germanium, gallium-arsenide, or silicon-on-insulator based 
technology. Substrate 20 is also comprised of active and 
passive devices that are not shoWn in order to simplify the 
draWings. Conductive layer 21 is preferably copper but may 
also be a Cu/Al alloy or tungsten and is typically enclosed 
on the sides and bottom by a diffusion barrier liner (not 
shoWn) Within an insulating layer that is also not depicted. 
A capping layer 22 that is preferably comprised of silicon 

carbide (SiC) is deposited on substrate 20 by a CVD or 
PECVD technique and has a thickness in the range of 300 to 
1000 Angstroms. NeXt, an OSG layer 23 comprised of Black 
DiamondTM, CORALTM, or a similar material is deposited by 
a CVD or PECVD process to a thickness betWeen about 
8000 and 12000 Angstroms. It should be understood that 
deposition tools from Applied Materials may be especially 
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suited for depositing Black DiamondTM and that Novellus 
deposition tools may be optimized for depositing 
CORALTM. However, deposition tools from other sources 
can also be modi?ed to produce an acceptable OSG layer 23. 
Note that the carbon and hydrogen content in the OSG layer 
23 may vary depending upon process conditions but the 
present invention applies to all materials classi?ed as “orga 
nosilicate glass”. 
An optional hard mask 24 is deposited on OSG layer 23 

by a CVD or PECVD technique and is typically a material 
such as silicon oxide or silicon nitride. Layer 24 has a 
thickness in the range from about 300 to 1000 Angstroms. A 
conformal BARC 25 is then formed on hard mask 24 by a 
spin coating or PECVD method. A commercially available 
photoresist is then spin coated and baked to form a photo 
resist layer 26 on BARC layer 25. The refractive index (n 
and k) of BARC 25 is preferably optimiZed to reduce the 
re?ection of light off hard mask 24 during the exposure of 
photoresist layer 26 and thereby increase the process Win 
doW of the patterning process. Photoresist layer 26 is pref 
erably a positive tone material and is patternWise exposed 
through a mask and then developed in an aqueous base 
solution to generate a via hole 27 that is aligned above 
conductive layer 21. Photoresist layer 26 has a thickness 
betWeen about 2000 and 8000 Angstroms. Generally, the 
thickness of layer 26 is about 3 to 4 times the minimum 
feature siZe in the pattern Which in this case is the Width of 
via hole 27. 

Referring to FIG. 2b, the via hole 27 is transferred through 
BARC 25, hard mask 24, and through OSG layer 23 in a 
plasma etch process that usually has tWo steps Which are a 
non-selective ?uorocarbon containing etch folloWed by a 
selective ?uorocarbon containing etch Which are knoWn to 
those skilled in the art. The etch process stops on cap layer 
22. 
Akey feature of the present invention is that cap layer 22 

is removed prior to the photoresist strip and before forma 
tion of a trench in OSG layer 23. Since the SiC layer 22 and 
OSG layer 23 have a very similar etch rate, removal of SiC 
layer 22 exposed by via hole 27 at an early stage of the dual 
damascene structure avoids the problems associated With a 
conventional sequence in Which a SiC cap layer is removed 
folloWing trench formation. As shoWn in FIG. 16, the 
conventional process in prior art leads to sloped sideWalls in 
the trench and via and damage to top corners of the trench 
and via. Furthermore, there is surface pitting in the bottom 
of the trench because the plasma that removes SiC also 
reacts With the carbon and hydrogen in the OSG layer. All 
these factors result in a loss of reliability in the ?nal device 
that contains an OSG dielectric layer and is processed by a 
conventional process represented by FIGS. 1a—1e. 

Referring to FIG. 2c, SiC layer 22 is removed by a soft 
plasma etch process Without damaging or re-sputtering 
conductive layer 21. Preferred etch conditions include a 
plasma generated from CH2F2, O2, and Ar, a chamber 
pressure of 40 to 80 mTorr, and a RF poWer of from 1 to 1.7 
Watts/cm2. HoWever, any ?uorocarbon CXHYFZ Where x=1, 
2, y=1, 2, or 3, and Z is an integer from 1 to 5 may be 
employed in place of CHZF2 in the gas mixture. FloW rates 
and chamber temperature are optimiZed for a particular etch 
tool and are not provided here. Since photoresist layer 26 
serves as a protective mask during the SiC etch, OSG layer 
23 is not damaged by the etchant. The sideWall of via 27 is 
almost vertical. When an end point is reached during etching 
of SiC layer 22, the plasma is stopped so as not to damage 
the exposed portion of conductive layer 21. 

Photoresist layer 26 and BARC 25 are noW stripped With 
a soft plasma etch in order not to damage OSG layer 23 or 
conductive layer 21. The etch step (not shoWn) comprises a 
loW chamber temperature betWeen about 10° C. and 60° C., 
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6 
an oxygen pressure of 15 to 150 mTorr, and a RF poWer of 
about 0.3 to 1.0 Watts/cm2. AWet clean is then performed to 
remove residues Within via hole 27. This step typically 
involves an RCA cleaning solution that is familiar to those 
skilled in the art. 

Referring to FIG. 2d, a planariZing BARC 28 is deposited 
on hard mask 24. When the BARC is coated from an organic 
solution, the BARC 28 layer is baked at an elevated tem 
perature of about 225° C. to remove residual solvent and 
render it inert toWards a subsequent photoresist patterning 
process. BARC layer 28 preferably ?lls about 50% or more 
of via hole 27 and protects conductive layer 21 during 
subsequent trench patterning and etching steps. The BARC 
layer 28 may form a thin coating on the sideWall of hard 
mask 24 and on the sideWall of OSG layer 23 in the upper 
portion of via hole 27 even though the center of the via is not 
?lled With BARC layer 28 at that level. 

Next, a photoresist solution is spin coated and baked on 
BARC layer 28 to form a photoresist layer 29. The photo 
resist layer 29 is typically coated from the same solution as 
photoresist layer 26 and has a similar thickness in the range 
of about 2000 to 8000 Angstroms. The organic solvent in 
photoresist 29 does not mix With BARC layer 28 during the 
coating or baking steps used to form layer 29. Photoresist 
layer 29 is patternWise exposed and developed in an aqueous 
base to form a trench 30 that is aligned above via hole 27. 
The presence of BARC layer 28 helps to control re?ectivity 
during the patterning process of photoresist 29. BARC layer 
28 also enables a larger process WindoW for patterning 
photoresist layer 29 because a more uniform thickness for 
layer 29 is achieved in the vicinity of via 27. 

In FIG. 26, trench 30 is transferred through BARC layer 
28, hard mask 24 and partially through OSG layer 23 by a 
plasma etch process similar to that described for forming a 
via hole 27 in layers 25, 24, 23. The etch through OSG layer 
23 is usually timed so that a prescribed thickness of OSG 
layer is removed. The level of BARC layer 28 may also be 
loWered during the trench etch so that it is coplanar With the 
bottom of trench 30. In some cases, the remaining BARC 
layer 28 may be loWer than the bottom of trench 30. The 
remaining portion of OSG layer 23 is not damaged by the 
trench etch process and nearly vertical sideWalls are pro 
duced in trench 30 Which is an advantage over prior art 
Where a cap layer at the bottom of a via hole is removed after 
the trench etch. Another advantage of the neW dual dama 
scene method of this invention is that there is no pitting in 
OSG layer 23 at the bottom of trench 30 since the SiC etch 
is performed before the trench 30 formation. The amount of 
OSG material lost during the trench etch is minimiZed 
relative to prior art methods because the selectivity of 
BARC 28 and photoresist 29 to OSG layer 23 in the present 
invention is much higher than the selectivity of SiC to OSG 
as depicted in FIG. 16. 

Photoresist layer 29 and remaining BARC layer 28 are 
then stripped by an oxygen plasma etch that Was described 
previously for removal of photoresist layer 26 and BARC 
25. Care is taken not to over etch the BARC layer 28 at the 
bottom of via hole 27 in order to prevent damage to the 
exposed conductive layer 21. The resulting sideWalls of via 
27 are vertical and the CD in via hole 27 is close to that 
originally printed in photoresist layer 26 Which is an 
improvement over prior art. Corner damage to via 27 is 
completely eliminated since the top corners are protected by 
a photoresist mask 26 during the SiC etch. Furthermore, this 
method produces less polymer residue in trench 30 and via 
27 than a conventional process in Which a SiC etch stop 
layer is etched after trench and via formation. After the 
photoresist layer 29 and BARC layer 28 are stripped, a 
standard RCA Wet clean is performed to remove any resi 
dues. 
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Since the loW temperature photoresist strip after the 
trench etch creates some oxide on the surface of conductive 
layer 21, the resulting metal oxide is removed by a reactive 
pre-clean (RPC) step such as one described in US. Pat. No. 
6,107,192 Which is herein incorporated by reference. The 
RPC preferably takes place in the same tool in Which a 
barrier metal layer 31 is deposited by a CVD or PECVD step 
in a folloWing step. 

Referring to FIG. 2f, a conformal diffusion barrier liner 31 
consisting of a material that is selected from a group 
including TaN, TaSiN, TiN, WN, W, Ta and Ti is deposited 
on the sideWalls and bottom of trench 30 and via 27. Finally, 
a metal 32 such as Cu, Al, tungsten, or a Cu/Al alloy is 
deposited by a conventional method and is then planariZed 
by a chemical mechanical polish (CMP) step, for example, 
to be coplanar With OSG layer 23 to complete the dual 
damascene structure. 
As shoWn in FIG. 3, the Kelvin via and via chain yield is 

signi?cantly improved by implementing the neW process of 
the present invention. Curves 35 and 36 that represent 
Kelvin via and via chain yield, respectively, for the neW 
process shoW a higher yield probability than curves 37 and 
38 that indicate the yields from a standard procedure. 
An alternative via ?rst approach for fabricating a dual 

damascene structure is illustrated in FIGS. 4a—4d as a 
second embodiment. Although the ?gures depict a single 
OSG dielectric layer, it should be understood that the 
invention is also useful for a damascene stack that includes 
a capping layer on a substrate, a ?rst OSG dielectric layer, 
an etch stop layer, and a second OSG dielectric layer on the 
etch stop. 

Referring to FIG. 4a, a substrate 40 is provided that 
contains an exposed conductive layer 41 in an upper surface 
that Will be used to construct a dual damascene structure. 
Substrate 40 is typically comprised of silicon or a silicon 
germanium, gallium-arsenide, or silicon-on-insulator based 
technology. Substrate 40 is also comprised of active and 
passive devices that are not shoWn in order to simplify the 
draWings. Conductive layer 41 is preferably copper but may 
also be a Cu/Al alloy, Al, or tungsten and is typically 
enclosed on the sides and bottom by a thin diffusion barrier 
liner (not shoWn) that is Within an insulating layer Which is 
also not depicted. 
A cap layer 42 comprised of a non-carbon containing 

material such as silicon nitride or silicon oxynitride is 
deposited on substrate 40 by a CVD or PECVD technique 
and has a thickness in the range of 300 to 1000 Angstroms. 
Next, an OSG layer 43 comprised of Black DiamondTM, 
CORALTM, or a similar material is deposited by a CVD or 
PECVD process to a thickness betWeen about 8000 and 
12000 Angstroms. It should be understood that deposition 
tools from Applied Materials may be especially suited for 
depositing Black DiamondTM and that Novellus deposition 
tools may be optimiZed for depositing CORALTM. HoWever, 
deposition tools from other sources can also be modi?ed to 
produce an acceptable OSG layer 43. Note that the carbon 
and hydrogen content in the OSG layer 43 may vary 
depending upon process conditions but the present invention 
applies to all materials classi?ed as “organosilicate glass”. 
Ahard mask 44 is deposited on OSG layer 43 by a CVD 

or PECVD technique and is preferably comprised of a 
material such as silicon oxynitride. Hard mask 44 has a 
thickness in the range from about 300 to 1000 Angstroms 
and has the additional property that it can function as a 
BARC layer in order to eliminate the BARC layer 25 
depicted in the ?rst embodiment and thereby shorten the 
fabrication process. A commercially available photoresist is 
then spin coated and baked to form a photoresist layer 45 on 
hard mask 44. Photoresist layer 45 has a thickness betWeen 
about 2000 and 8000 Angstroms. Photoresist layer 45 is 
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8 
preferably a positive tone material and is patternWise 
exposed through a mask and then developed in an aqueous 
base solution to generate a via hole 46 that is aligned above 
conductive layer 41. Since hard mask 44 also serves as a 
BARC, the process WindoW for patterning photoresist 45 is 
improved. 

Referring to FIG. 4b, the via hole 46 is transferred through 
hard mask 44 and through OSG layer 43 With a plasma etch 
process comprised of a ?uorocarbon in the gas mixture. The 
etch process stops on cap layer 42. The critical dimension 
(CD) Which is the Width of via hole 46 formed in photoresist 
layer 45 is close to the CD for via hole 46 in OSG layer 43. 
Akey feature of the present invention is that cap layer 42 

is removed prior to the photoresist strip and before forma 
tion of a trench in OSG layer 43. Since the cap layer 42 and 
OSG layer 43 have a similar etch rate, removal of cap layer 
42 exposed by via hole 46 at an early stage of the dual 
damascene structure avoids the problems associated With a 
conventional sequence in Which a cap layer is removed 
folloWing trench formation. As shoWn in FIG. 16, the 
conventional process in prior art leads to sloped sideWalls in 
the trench and via and damage to top corners of the trench 
and via. Furthermore, there is surface pitting in the bottom 
of the trench because the plasma that removes cap layer also 
reacts With the carbon and hydrogen in the OSG layer. All 
these factors result in a loss of reliability in the ?nal device 
that contains an OSG dielectric layer in prior art. 

Referring to FIG. 4b, cap layer 42 is removed by a soft 
plasma etch process Without damaging or re-sputtering 
conductive layer 41. Preferred etch conditions include a 
plasma generated from CH2F2, O2, and Ar, a chamber 
pressure of about 40 to 80 mTorr, and a RF poWer of from 
1 to 1.7 Watts/cm2. HoWever, any ?uorocarbon CXHYFZ 
Where x=1,2, y=1—3, Z=1—5 may be employed in place of 
CHZF2 in the gas mixture. FloW rates and chamber tempera 
ture are optimiZed for a particular etch tool and are not 
provided here. Since photoresist layer 45 serves as a mask 
during etching of cap layer 42, hard mask 44 and OSG layer 
43 are not damaged by the etchant. The sideWall of via 46 
is almost vertical. When end point is reached during etching 
of cap layer 42, the etch is stopped to avoid damaging the 
exposed portion of conductive layer 41. 

Photoresist layer 45 is noW stripped With a soft plasma 
etch in order not to damage OSG layer 43. The etch step (not 
shoWn) comprises a loW chamber temperature betWeen 
about 10° C. and 60° C., an oxygen pressure of 15 to 150 
mTorr, and a RF poWer of about 0.3 to 1.0 Watts/cm2. AWet 
clean is then performed to remove residues Within via hole 
46. This step typically involves an RCA cleaning solution 
that is familiar to those skilled in the art. 

Referring to FIG. 4c, a planariZing BARC 47 is deposited 
on hard mask 44. When the BARC is coated from an organic 
solution, the BARC 47 layer is baked at an elevated tem 
perature of about 225° C. to remove residual solvent and 
render it inert toWards a subsequent photoresist patterning 
process. BARC layer 47 preferably ?lls about 50% or more 
of via hole 46 and protects conductive layer 41 during 
subsequent trench patterning and etching steps. The BARC 
layer 47 may form a thin coating on the sideWall of hard 
mask 44 and on the sideWall of OSG layer 43 in the upper 
portion of via hole 46 even though the center of the via is not 
?lled With BARC layer 47 at that level. 

Next, a photoresist solution is spin coated and baked on 
BARC layer 47 to form a photoresist layer 48. The photo 
resist layer 48 is typically coated from the same solution as 
photoresist layer 45 and has a similar thickness in the range 
of about 2000 to 8000 Angstroms. The organic solvent in 
photoresist 48 does not mix With BARC layer 47 during the 
coating or baking steps used to form layer 48. Photoresist 
layer 48 is patternWise exposed and developed in an aqueous 
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base to form a trench 49 that is aligned above via hole 46. 
The presence of BARC layer 47 helps to control re?ectivity 
during the patterning process of photoresist 48. BARC layer 
47 also enables a larger process WindoW for patterning 
photoresist layer 48 because a more uniform thickness for 
layer 48 is achieved in the vicinity of via hole 46. 

In FIG. 4c, trench 49 is transferred through BARC layer 
47, hard mask 44 and partially through OSG layer 43 by a 
plasma etch process similar to that described previously for 
forming a via hole 46 in layers 44, 43. The etch into OSG 
layer 43 is usually timed so that a prescribed thickness of 
OSG layer is removed. The level of BARC layer 47 may also 
be loWered during the trench etch so that it is coplanar With 
the bottom of trench 49. In some cases, the BARC layer 47 
may be loWer than the bottom of trench 49. The remaining 
portion of OSG layer 43 is not damaged by the trench etch 
process and nearly vertical sideWalls are produced in trench 
49 Which is an advantage over prior art Where a cap layer at 
the bottom of a via hole is removed after the trench etch. 
Another advantage of the neW dual damascene method of 
this invention is that there is no pitting in OSG layer 43 at 
the bottom of trench 49 since the cap etch is performed 
before the trench 49 formation. The amount of OSG material 
lost during the trench etch is minimiZed relative to prior art 
methods because the selectivity of photoresist 48 and BARC 
47 to OSG layer 43 in the present invention is higher than 
the selectivity of SiC to OSG as depicted in FIG. 16. 

Photoresist layer 48 and remaining BARC layer 47 are 
then stripped by an oXygen plasma etch that Was described 
previously for removal of photoresist layer 45. Additionally, 
hard mask 44 may be removed during the process that 
removes layers 47, 48. Care is taken not to overetch the 
BARC layer 47 at the bottom of via hole 46 to avoid 
damaging the eXposed conductive layer 41. The resulting 
sideWalls of via 46 are vertical and the CD in via hole 46 is 
close to that originally printed in photoresist layer 45 Which 
is an improvement over prior art. Corner damage to via hole 
46 is completely eliminated since the top comers are pro 
tected by a photoresist mask 45 during the cap layer 42 etch. 
Furthermore, this method produces less polymer residue in 
trench 49 and via hole 46 than a conventional process in 
Which a cap layer is etched after trench and via formation. 
After the photoresist layer 48 and BARC layer 47 are 
stripped, a standard RCA Wet clean is performed to remove 
any residues. 

Since the loW temperature photoresist strip after the 
trench etch creates some oXide on the surface of conductive 
layer 41, the resulting metal oXide is removed by a reactive 
pre-clean (RPC) step described in the ?rst embodiment. The 
RPC preferably takes place in the same deposition tool in 
Which a barrier metal layer (not shoWn) is deposited by a 
CVD or PECVD step in a folloWing step. The dual dama 
scene structure is completed by sequentially depositing a 
diffusion barrier liner 50 and metal layer 51 as described in 
the ?rst embodiment and planariZing the metal layer 51 so 
that it is coplanar With OSG layer 43. Note that the pla 
nariZation step also removes any remaining hard mask layer 
44. 
As shoWn in FIG. 3, the Kelvin via and via chain yield is 

signi?cantly improved by implementing the neW process of 
the present invention according to the second embodiment. 
Curves 35 and 36 that represent Kelvin via and via chain 
yield, respectively, for the neW process shoW a higher yield 
probability than curves 37 and 38 that indicate the yields 
from a standard procedure. 

While this invention has been particularly shoWn and 
described With reference to, the preferred embodiments 
thereof, it Will be understood by those skilled in the art that 
various changes in form and details may be made Without 
departing from the spirit and scope of this invention. 
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We claim: 
1. A dual damascene method, comprising: 
(a) providing a substrate With a stack of layers formed 

thereon, said stack comprising a bottom cap layer and 
an upper organosilicate glass (OSG) dielectric layer; 

(b) coating a photoresist layer on said stack and patterning 
to form a via hole in said photoresist; 

(c) transferring said via hole through said OSG layer With 
a plasma etch process; 

(d) removing said bottom cap layer exposed by said via 
hole; 

(e) removing said photoresist by a soft etch process; 
(f) forming a planariZing bottom anti-re?ective coating 
(BARC) on said stack and in said via hole and pattern 
ing a trench in a photoresist layer on said planariZing 
BARC, said trench is aligned above said via hole; 

(g) transferring said trench into said OSG dielectric layer; 
(h) removing said planariZing BARC and said photoresist 

by a soft etch process; and 
(i) depositing a barrier metal liner on the sideWalls and 

bottom of said trench and via hole and then ?lling said 
trench and via With a metal. 

2. The method of claim 1 further comprised of forming a 
hard mask that is silicon oxide, silicon nitride, or silicon 
oXynitride on said OSG layer before coating said photoresist 
and forming a via hole. 

3. The method of claim 1 further comprised of forming a 
BARC on said stack before coating a photoresist and pat 
terning to form a via hole. 

4. The method of claim 1 Wherein said bottom cap layer 
is silicon carbide (SiC) that has a thickness from about 300 
to 1000 Angstroms. 

5. The method of claim 1 Wherein said OSG layer is Black 
DiamondTM from Applied Materials, CORALTM from 
Novellus, or a similar OSG material that has a thickness 
from about 8000 to 12000 Angstroms. 

6. The method of claim 1 Wherein said bottom cap layer 
is removed by a plasma etch process comprising a ?uoro 
carbon CXHYFZ Where X=1, 2, y=1, 2, or 3, and Z is an integer 
from 1 to 5, oXygen, and argon, a chamber pressure of about 
40 to 80 mTorr, and a RF poWer of about 1 to 1.7 Watts/cm2. 

7. The method of claim 6 Wherein the ?uorocarbon is 
CHZFZ. 

8. The method of claim 1 Wherein said soft etch process 
to remove said photoresist layers and BARC layer is com 
prised of an O2 pressure of about 15 to 150 mTorr, a RF 
poWer from about 0.3 to 1.0 Watts/cm2, and a chamber 
temperature of about 10° C. to 60° C. 

9. The method of claim 8 further comprised of a Wet clean 
step folloWing the plasma strip to remove any residues. 

10. The method of claim 1 Wherein said planariZing 
BARC partially ?lls about 50% or more of said via hole and 
is inert toWard said photoresist that is used to form a trench 
opening. 

11. The method of claim 1 further comprised of a reactive 
plasma clean of said substrate folloWing the removal of said 
planariZing BARC in said via hole. 

12. The method of claim 1 Wherein said barrier metal liner 
is TaN, TaSiN, TiN, WN, W, Ta or Ti and said metal layer 
is Cu, Al/Cu, Al, or tungsten. 

13. A dual damascene method, comprising: 
(a) providing a substrate With a stack of layers formed 

thereon, said stack comprising a bottom silicon carbide 
(SiC) cap layer and an upper OSG dielectric layer; 

(b) forming a BARC on said stack and patterning a via 
hole in a photoresist layer on said BARC; 

(c) transferring said via hole through said BARC and 
OSG layer With a plasma etch process; 



US 6,913,994 B2 
11 

(d) removing said SiC cap layer exposed by said via hole; 
(e) removing said photoresist and BARC With a soft etch 

process; 

(f) forming a planariZing BARC on said stack and in said 
via hole and patterning a trench in a photoresist layer on 
said planariZing BARC, said trench is aligned above 
said via hole; 

(g) transferring said trench into said OSG dielectric layer; 
and 

(h) removing said planariZing BARC and said photoresist 
With a soft etch process. 

14. The method of claim 13 further comprised of per 
forming a reactive pre-clean (RPC) step on said substrate 
after said planariZing BARC is removed, depositing a barrier 
metal layer on the sideWalls and bottom of said trench and 
via, depositing a metal to ?ll said trench and via, and 
planariZing said metal to complete the dual damascene 
structure. 

15. The method of claim 13 Wherein said stack is further 
comprised of a hard mask that is silicon oXide, silicon 
nitride, or silicon oXynitride Which is deposited on said OSG 
layer before forming a BARC and patterning said photore 
sist to generate a via hole. 

16. The method of claim 13 Wherein said OSG layer is 
Black DiamondTM from Applied Materials, CORALTM from 
Novellus, or a similar OSG material and has a thickness 
from about 8000 to 12000 Angstroms. 

17. The method of claim 13 Wherein said bottom cap layer 
is removed by a plasma etch process comprising a ?uoro 
carbon CXHYFZ Where X=1, 2, y=1, 2, or 3, and Z is an integer 
from 1 to 5, oXygen, argon, a chamber pressure of about 40 
to 80 mTorr, and a RF poWer of about 1 to 1.7 Watts/cm2. 

18. The method of claim 17 Wherein the ?uorocarbon is 
CHZFZ. 

19. The method of claim 13 Wherein said soft etch process 
to remove said photoresist and BARC is comprised of an O2 
pressure of about 15 to 150 mTorr, a RF poWer from about 
0.3 to 1.0 Watts/cm2, and a chamber temperature of about 
10° C. to 60° C. 

20. The method of claim 13 further comprised of a Wet 
clean step folloWing the soft etch process to remove any 
residues. 

21. The method of claim 13 Wherein said planariZing 
BARC partially ?lls about 50% or more of said via hole and 
is inert toWard said photoresist that is used to form a trench 
opening. 

22. A dual damascene method, comprising: 
(a) providing a substrate With a stack of layers formed 

thereon, said stack comprising a bottom cap layer, a 
middle organosilicate glass (OSG) dielectric layer, and 
a top hard mask that also functions as a BARC; 
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(b) patterning a photoresist layer on said hard mask to 

form a via hole; 
(c) transferring said via opening through said hard mask 

and OSG dielectric layer With a plasma etch process; 
(d) removing said bottom cap layer exposed by said via 

hole; 
(e) removing said photoresist layer With a soft etch 

process; 
(f) depositing a planariZing BARC on said hard mask; 
(g) patterning a photoresist layer on said planariZing 
BARC to form a trench that is aligned above said via 
hole; 

(g) transferring said trench through said hard mask and 
into said dielectric layer With a plasma etch process; 
and 

(h) removing said photoresist layer and planariZing 
BARC With a soft etch process. 

23. The method of claim 22 further comprised of per 
forming a RPC step on said substrate after said planariZing 
BARC is removed, depositing a barrier metal layer on the 
sideWalls and bottom of said trench and via, depositing a 
metal to ?ll said trench and via, and planariZing said metal 
to complete the dual damascene structure. 

24. The method of claim 23 Wherein said hard mask is 
removed during the planariZation step. 

25. The method of claim 22 Wherein said bottom cap layer 
is comprised of silicon carbide, silicon nitride, or silicon 
oXynitride. 

26. The method of claim 22 Wherein said OSG layer is 
Black DiamondTM from Applied Materials, CORALTM from 
Novellus, or a similar OSG material and has a thickness 
from about 8000 to 12000 Angstroms. 

27. The method of claim 22 Wherein said bottom cap layer 
is removed by a plasma etch process comprising a ?uoro 
carbon CXHYFZ Where X=1, 2, y=1, 2, or 3, and Z is an integer 
from 1 to 5, oXygen, argon, a chamber pressure of about 40 
to 80 mTorr, and a RF poWer of about 1 to 1.7 Watts/cm2. 

28. The method of claim 22 Wherein said soft etch process 
to remove said photoresist layers and BARC is comprised of 
an O2 pressure of about 15 to 150 mTorr, a RF poWer from 
about 0.3 to 1.0 Watts/cm2, and a chamber temperature of 
about 10° C. to 60° C. 

29. The method of claim 22 further comprised of a Wet 
clean step folloWing said soft etch process to remove any 
residues. 

30. The method of claim 22 Wherein said planariZing 
BARC partially ?lls about 50% or more of said via hole and 
is inert toWard said photoresist that is used to form a trench 
opening. 


